Chemical Quality of Streams, 
Allegheny River Basin and Part of the 
Lake Erie Basin, New York 


By 
Michael H. Frimpter 
U.S. Geological Survey 


Allegheny Basin 
Regional Water Resources 
Planning Board 


, 


1 I L 


ARB-3 
1973 


New York State Department of Environmental Conservation 




CHEMICAL QUALITY OF STREAMS, 
ALLEGHENY RIVER BASIN AND PART OF THE 
LAKE ERIE BASIN, NEW YORK 


Prepared for the 
ALLEGHENY BASIN REGIONAL WATER RESOURCES 
PLANNING BOARD 


By 


Michael H. Frimpter 


UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 


in c operation with 
NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION 


STA E OF NEW YORK 
DEPARTMENT OF I N\l1 RON MENTAL CONSERVATION 


Basin Pl nning Report ARB-3 
1973 



ALLEGHENY BASIN REGIONAL WATER RESOURCES PLANNING BOARD 


MEMBERS 


County 


Representing 


Merle W. Smedburg, Chairman 


Chauta uqua 


Public Water Supply 


Donald A. Archer, Vice Chairman 


Catta raugus 


Municipal Corporations 


Robert G. Potter, Secretary 


Cat ta ra ug us 


Ag r i cu 1 t u re 


Torrance Brooks 


Cat tar a ug u s 


Member-at-Large 


Joseph H. Dornberger 


Chautauqua 


Recreation and Fishing 


James McLaugh 1 in 


All egheny 


Member-at-Large 


William A. Taylor 


Chautauqua 


I n d u s t ry 


Technical guidance for this Board has been provided by the Western 
Regional Office of the Water Management Planning Unit, New York 
State Department of Environmental Conservation, John C. McMahon, 
Regional Engineer. 



STATE OF NEW YORK 


Nelson A. Rockefeller ............................................ .Governor 


He n ry L. D i amon d ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Comm i s s i on e r 


f Environmental Conservation 


anagement Planning Unit 


J oh n A. Fin c k .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dire c tor 


UNITED STATES DEPARTMENT OF THE INTERIOR 


Rogers C. B. Morton .............................................. Secretary 


Geolo g ical Surve y 


Vincent E. McKelvey 
Ernest L. Hendricks 
Joseph T. Callahan 
Robert J. Dingman 


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dire c tor 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ch i e f Hy d ro 1 og i s t 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Re 9 i on a 1 Hy d ro 1 og i s t 
. .. .. .. ... . ., .. .... .. .. ...... .. ..... ....... Di stri ct Ch i ef 


- iii - 




CONTENTS 


Page 


Ab s t r act. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
I n t ro d u c t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
P rob 1 ems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
P u rpos e an d scope.................................................. 5 
A c know 1 e d 9 me n t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Pre vi 0 us i n ve s t i gat i on s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Water quality in relation to the hydrologic cycle...... ....... .... .... 7 
Chemical quality of precipitation.... ..... .... .... ................. 8 
Chemical quality of overland flow.................................. 10 
Chemical quality of ground water..... ..... ...... ........... ........ 14 
Regiona1ization of chemical quality of streamflow..................... 17 
Variations of chemical quality of streamflow with respect to 
d i s c h a rg e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
All e 9 hen y Rive r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Non 9 1 a cia t e d are as. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Brokenstraw Creek and French Creek drainage........................ 39 
Conewango Creek dra i nage. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . 40 
Chautauqua Lake and Chadakoin River drainage....................... 45 
Great Valley Creek and Little Valley Creek drainage................ 48 
01ean Creek drai nage. ...... ... .. .. .. .. . ... ..... ..... ..... .......... 50 
Lake E r i e d r a i nag e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Streams polluted by oil-field brine. ........... ... ................. 57 
The rma 1 po 11 uti on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 63 
Suitabi lity of surface water for use.................................. 66 
Significance of dissolved constituents and properties of water........ 66 
Con c 1 us i on s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Se 1 ected bib 1 i ography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 


- v - 



ILLUSTRATIONS 


Page 


Figure 1. Map showing location of the study area.............. ....... 4 


2. Graph showing dissolved-solids and sulfate contents 
of precipitation in Allegany State Park........ ..... .... 8 


3. Schematic block diagram showing generalized ground- 
water circulation in the Allegheny River valley at 
01 ean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 


4. Map showing regionalization of streamflow quality.......... 18 


5-33. Graphs and curves showing: 


5. Relationship between specific conductance and dissolved- 
solids content of surface water in the Allegheny River 
bas ins t udy a rea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 


6. Relationship between bicarbonate and dissolved-solids 
content of surface water in the Allegheny River 
bas ins t ud yare a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 


7. Relationship between chloride and dissolved-solids 
content of surface water in the Allegheny River 
bas ins t u d yare a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 3 


8. Relationship between sulfate and dissolved-solids 
content of surface water in the Allegheny River 
bas ins t u dy a re a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 


9. Relationship between calcium and dissolved-sol ids 
content of surface water in the Allegheny River 
bas ins t udy a rea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 


10. Relationship between sodium and dissolved-solids 
content of surface water in the Allegheny River 
bas ins t udy a rea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 


11. Duration curves of streamflow and estimated duration 
curves of ground-water discharge, overland flow, and 
specific conductance for Conewango Creek at Waterboro.... 27 


12. Discharge and specific conductance of the Allegheny 
River near Salamanca in 1954. ............ .... ............ 30 


13. General relationship between specific conductance and 
discharge for the Allegheny River near Salamanca......... 31 


14. Effect of precipitation on the specific conductance 
of the Allegheny River near Salamanca.... ................ 32 


- vi - 



ILLUSTRATIONS (Continued) 


Page 


15. Relationships between specific conductance and various 
chemical constituents of the Allegheny River near 
Sa 1 aman ca. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 


16. Duration curves for the Allegheny River at Red House: 
A. Specific conductance................................ 34 
B. Flow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 


17. Specific conductance of streams draining nonglaciated 
and partly glaciated terrain, Region I... .... ... ......... 37 


18. Relationships between specific conductance and dissolved- 
solids content, hardness, and selected constituents of 
the streams of Region 1..................................38 


19. Relationships between specific conductance and discharge 
for Brokenstraw and French Creeks, Region I I.... ...... ... 39 


20. Relationships between specific conductance and discharge 
for Cassadaga and Conewango Creeks.............. ......... 42 


21. Relationships between specific conductance and dissolved- 
sol ids content, hardness, and selected constituents of 
Conewango Creek at Waterboro........ .... .......... ....... 43 


22. Relationships between specific conductance and discharge 
for Conewango Creek and its tributaries.................. 44 


23. Specific conductance of the Chadakoin River and 
Chautauqua Lake.......................................... 45 


24. Relationships between specific conductance and discharge 
of streams tributary to Chautauqua Lake.................. 47 


25. Variation between specific conductance and discharge of 
Great Valley Creek and Little Valley Creek drainage 
bas ins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 49 


26. Relationships between specific conductance and discharge 
of the Olean Creek basin................................. 51 


27. Relationships between specific conductance and 
discharge of Little Canadaway and Bournes Creeks........ 53 


28. Relationships between specific conductance and 
discharge of Walnut and Silver Creeks........... ........ 54 


29. Relationships between specific conductance and 
discharge of Canadaway Creek and Twentymile Creek....... 55 


- vi i - 



ILLUSTRATIONS (Continued) 


Page 


30. Relationships between specific conductance and 
dissolved-solids content, hardness, and selected 
constituents of Little Canadaway Creek at Lamberton..... 56 


31. Relationships between specific conductance and discharge 
for streams draining active oil fields. ...... .... ....... 58 


32. Relationships between specific conductance and discharge 
for streams draining inactive oi 1 fields................ 59 


33. Relationships between specific conductance and dissolved- 
solids content, hardness, and selected constituents of 
Dodge Creek at Portvi 11e....... ........ ... .............. 60 


34. Map showing specific conductance of Chipmunk Creek 
bas in, Aug us t 17, 1967.................................. 6 1 


35. Curves showing relationships between specific conductance 
and dissolved-solids content, hardness, and selected 
constituents of Tunungwant Creek at Limestone... ........ 62 


36. Map showing thermal pollution, Chadakoin River............ 64 


37. Curve showing heat die-away, Chadakoin River. ............. 65 


38. Index to U.S. Geological Survey topographic 
maps, as of October 1972, covering the 
Allegheny River basin, New york......................... 79 


.... 


- viii - 



TABLES 


Page 


Table 1. Chemical analyses of precipitat
on collected at 
Allegany State Park........................................ 9 


2. Chemical analyses of overland fllow........................... 11 


3. Specific conductance of overland flow.... .... ............ .... 12 


4. Chemical composition of ground water in the study area.... ... 15 


5. Miscellaneous analyses for trace elements, Allegheny 
River basin and part of the L
ke Erie basin, New york...... 25 


6. Source or cause and significance of dissolved mineral 
constituents and properties of water, Allegheny River 
basin and part of the Lake Enie basin, New york............ 67 


7. Miscellaneous analyses of streams, Allegheny River 
basin and part of the Lake Er'ie basin, New york............ 72 


8. Miscellaneous measurements of stream specific 
conductance and discharge, Al,legheny River basin 
and par t 0 f the La k e E r i e bas I in, New Yo r k . . . . . . . . . . . . . . . . .. 78 


- i x - 




CHEMICAL QUALITY OF STREAMS, 
ALLEGHENY RI VER BAS I N AND PART OF THE 
LAKE ERIE BASIN, NEW YORK 


By 


Michael H. Frimpter 


ABSTRACT 


This report presents the results of an investigation of the chemical 
quality of streams in the Allegheny River basin and part of the Lake Erie 
basin, New York, in 1967. The study area includes about 2,200 square miles 
in the southwestern corner of New York State and lies almost entirely in the 
Allegheny Plateau physiographic province. Except for a narrow strip along 
the shore of Lake Erie, the area is a highly dissected plateau with deep, 
flat-bottomed valleys. The entire area is underlain by nearly flat-lying, 
Upper Devonian sandstone and shale and was almost entirely glaciated about 
14,000 years ago. 


Precipitation, the initial source of water for the study area, averages 
about 41 inches per year. The chemical quality of precipitation collected 
near the center of the area is similar to that of disti lled water. It has 
an average dissolved-solids content of about 9 mg/l (milligrams per liter) 
but a median pH of 4.5. 


Chemical quality of precipitation changes rapidly when the precipita- 
tion contacts the earth's surface. At that time, the dissolved-solids con- 
tent of the water increases to about three times that of the water before it 
contacted the ground; the pH increases to more than 6; and then the water 
either flows over the land surface as overland flow or seeps into the ground 
and becomes soil moisture or ground water. Water that enters the ground dis- 
solves much more mineral matter than overland flow because it is in contact 
with more mineral matter for longer periods of time. Mineralization of 
ground water in the study area is generally about three times that of over- 
land flow. 


The study area can be divided into four regions on the basis of chemical 
quality of streamflow. Streams in Region I drain a nonglaciated area and 
contain a soft (range of hardness, 20-57 mg/l as CaC0 3 ) calcium bicarbonate 
type water. Water in streams of Region I I, a glaciated region, is somewhat 
harder than that in Region I. Hardness ranges from 61 to 180 mg/l, and the 
water is calcium bicarbonate type. Water in streams of Region I I I, on the 
Lake Erie Plain, has a hardness ranging from 103 to 221 mg/1. Water type 
varies and may be calcium bicarbonate, calcium sulfate, or a mixed calcium 
bicarbonate and sulfate type, depending on time and place. Dissolved-solids 
content of streams in Regions I, II, and III is generally less than 500 mg/l 
at low flow. Streams in Regions I, II, and III are unaffected by oi l-field 
b r i ne. 


- 1 - 



Region IV encompasses the drainage areas of oil fields where the stream 
water is usually sodium chloride type. Hardness of water in Region IV ranges 
from 84 to 2,lOO mg/1. Dissolved-sol ids content of streams in Region IV 
ranges from 70 to 7,480 mg/l. The high dissolved-sol ids content (7,480 mg/1) 
of Chipmunk Creek is caused by discharge of oil-field brine. 


Because streamflow is a mixture of varying amounts of overland flow 
and ground water and the mineral ization of ground water is about three times 
that of overland flow, the chemical qual ity of streamflow also varies. During 
periods of low flow, when streamflow is derived entirely from ground water 
discharge, the dissolved-sol ids content of the water is high; during periods 
of high flow, when streamflow is derived almost entirely from overland flow, 
the dissolved-sol ids content is low. 


Most of the dissolved sol ids in the Allegheny River at Red House (near 
Salamanca) originate from oil-field brine discharged in the drainage basin, 
and the river water is sodium chloride type. A qual ity duration curve drawn 
on the basis of 3 years of specific conductance measurements and the long- 
term flow duration curve presents the best available description of the 
long-term water qual ity of the Allegheny River near Salamanca, where the 
Allegheny Reservoir begins. 


Stream water in Regions I, II, and II I was generally of acceptable 
chemical qual ity for most uses at the time of the study. However, dis- 
charge of oil-field brine into streams in Region IV makes the chemical 
qual ity of some of the streams unacceptable for most uses. 
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INTRODUCTION 


Inadequate understanding of occurrence, movement, and chemistry of 
water and the lack of planning and control of the development of water re- 
sources are two of the underlying causes of water-quality problems. The need 
for water-resources planning led to a study of the water resources, including 
the chemical quality of the surface water, in the Allegheny and Lake Erie 
basins. The area, which includes about 2,200 square miles in the southwestern 
corner of New York State (fig. 1), is almost entirely in the Allegheny Pla- 
teau physiographic province and, except for a narrow strip along the shore 
of Lake Erie, is a highly dissected plateau with deep, flat-bottomed valleys. 
The natural water (water unaffected by man's activities) in the study area 
was of acceptable chemical quality for most uses; man's activities are re- 
sponsible for the area's water-quality problems. 


Problems 


No serious stream-water-quality problems in the southwestern corner of 
New York State have been observed to the present (1967). For water manage- 
ment, pollution of water might be divided into two major groups: (1) that 
which diminishes with time through adsorption, or chemical or biochemical 
reactions; and (2) that which is reduced only by dilution. Brine pollution, 
which is reduced only by dilution, and petroleum wastes from oil-production 
fields are the most obvious and most common pollutants of streams in the 
study area. Brine (water containing large amounts of dissolved salts) is 
pumped from the oil wells along with the oi 1. After the brine and oi 1 are 
separated in special tanks in the well fields, the brine is discharged onto 
the ground and into streams draining the well fields. In the streams, the 
brine is diluted and is transported downstream. Oil also enters the streams 
and is transported downstream, frequently as an obvious film on the water 
surface. Most of the oil pollution, however, is due to unintentional spil- 
lage and leakage from oil-pumping and storage faci lities. 


Organic waste pollution from municipalities and some industries is be- 
coming a greater problem as more and more organic waste is produced. In- 
crease in population and consequent increase of organic waste has put a 
strain on the ability of many streams to assimilate this waste. The problem 
has become serious on the Lake Erie coast where there is barely enough nat- 
ural streamflow available to dilute the wastes. The capacity of a stream 
to assimilate wastes is dependent on many complexly related physio-chemical 
and biochemical conditions of the stream. Most importantly, the self puri- 
fication of streams by adsorption, or by chemical or biochemical reaction, 
requires time; and the rate at which introduced waste moves downstream will 
determine the downstream extent of polluted water. 


Chemical contamination from industrial wastes is becoming more of a 
threat as the area becomes more densely populated and as industrial pro- 
ductivity increases. Many of the useful things produced by man are inex- 
tricably related to the production of undesirable materials, some of which 
are very unpleasant or dangerous to have around. Toxic substances probably 
provide the biggest disposal problem. Such wastes, if discharged into 
surface streams, may eventually enter water-supply reservoirs, or aquifers, 
with obvious consequences. 
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Thermal pollution is caused by the discharge of water that was used for 
cooling in thermal-electric powerplants, industrial processes, and air condi- 
tioning. The heated effluent discharged to lakes or streams lessens the 
capacity of the water for further cooling uses. As the temperature of water 
increases, its capacity to dissolve oxygen decreases. Therefore, because 
the organic waste assimilative capacity of water is proportional to the 
quantity of oxygen dissolved, thermally polluted water can assimilate less 
organic waste (sewage) than cool water. 


Responsible water-resource planning must consider the effects of water 
use on water quality because some water must be reused. Unlike the other 
resources of the earth, water is constantly on the move. If water users 
discharge their wastes without consideration of the downstream users, there 
may be a mad scramble to obtain water supplies from the sources farthest up- 
stream. 


Purpose and Scope 


The purpose of this investigation is to provide the chemical quality-of- 
water data necessary for planning and managing the surface-water resources of 
the Allegheny River and Lake Erie drainage basins in New York. The chemical 
quality of surface water was studied to determine the kind and the amount of 
dissolved matter in the streams and to determine the variation in dissolved 
matter from place to place and time to time. Chemical data used to prepare 
this report are included in the tables. Additional chemical data used here 
were taken from reports by Beetem (1954), Pauszek (1959), and the U.S. 
Geological Survey (1964, 1967). 


The conclusions drawn from the study are presented in a manner that 
facilitates the prediction of stream-water quality. The summary tables and 
many graphic illustrations are intended to make the report as readily usable 
and understandable as possible to water users, managers, and planners. 
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Previous Investigations 


Beetem (1954) described the chemical quality of water resources of the 
Conewango Creek basin, which is tributary to the Allegheny River. Beetem1s 
report also includes a discussion of the factors that influence the chemical 
quality of water. Pauszek (1956 and 1959) reported on the chemical quality 
of water in the Allegheny River basin and recognized oil-field brine as the 
source of sodium chloride pollution in the basin. In his 1959 report, 
Pauszek related the discharge of the Allegheny River to dissolved-solids 
content, presented a duration table for chloride concentration in the 
Allegheny River, and computed the chloride loads in the Allegheny River for 
3 years. McCarren (1967) described the chemical quality of surface water in 
the Allegheny River basin in Pennsylvania. 
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WATER QUALITY IN RELATION TO THE HYDROLOGIC CYCLE 


Virtually all streamflow is derived from precipitation, and once on the 
ground, the water flows to the streams over the land surface as overland flow 
or through the ground as ground-water flow. Therefore, the chemical quality 
of precipitation, overland flow, and ground water must be considered before a 
thorough understanding of stream-water quality can be attained. 


Let us follow water's course through the hydrologic cycle beginning with 
its evaporation or entry into the atmosphere as water vapor. The greatest 
amount of evaporation comes from the oceans, but large quantities are also 
derived from land, streams, and lakes. Surprisingly, large amounts of water 
are added to the atmosphere through the breathing of plants -- transpiration; 
a single large oak tree may transpire 42 gallons of water per day during the 
height of the growing season (Lull, 1964, p. 6-21). As vapor in the atmos- 
phere, water may be transported many thousands of miles. Clouds form and 
water condenses from cool, water-laden air and falls to the earth or sea as 
precipitation. This process of evaporation and condensation is nature's 
water-distillation process, and precipitation usually contains very little 
dissolved mineral matter. Thus, precipitation is the source of all the 
ground water and surface water in southwestern New York, which has a humid 
climate and receives an average of about 41 inches of precipitation per year. 


Once precipitation comes into contact with the solid-mineral earth, its 
chemical quality changes rapidly. Minerals begin to dissolve as water flows 
over the land surface or sinks into the soil. Chemical reaction, in this 
case the solution of minerals, is dependent on time and the degree of surface 
contact between water and the reacting minerals. Water that enters the 
ground becomes more highly mineralized than water that runs over land surface' 
because it is in contact with much more mineral matter and is in contact with 
it for much longer periods of time. Ground water is the most highly mineral- 
ized water discharged from a drainage basin under natural conditions. The 
mineralization of ground water, however, varies from place to place because 
rock types or minerals available for solution vary from place to place. 


An important property of water, hardness, is caused principally by the 
two cations, calcium and magnesium. Hardness of water is expressed as the 
amount of calcium carbonate chemically equal to the amounts of calcium and 
magnesium in water. A classification of different degrees of hardness pre- 
sented in Durfor and Becker (1964) follows: 


Hardness range 
( i n mill i grams pe r 1 i t e r 
of calcium carbonate) 


Hardness description 


0-60 
61-120 
121-180 
More than 180 


Soft 
Moderately hard 
Hard 
Very h a r d 
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Chemical Qual ity of Precipitation 


Because precipitation is the source of water to the study area, its 
chemical quality needs to be considered in appraising the surface water in 
the Allegheny River and the Lake Erie basins. Chemical analyses of 27 month- 
ly composite precipitation samples collected at Allegany State Park from 
September 1966 through November 1968 are 1 isted in table 1. The average 
dissolved-sol ids content 1 of these samples (omitting the sample of January 
1967, which was apparently contaminated) is about 9 mg/l (mill igrams per 
liter). 


Windborne dust is responsible for abnormally high amounts of dissolved 
sol ids in precipitation. Dust fallout is usually derived from local soils 
and is partly dependent on wind velocities. Samples with high dissolved- 
sol ids contents are probably contaminated with more than average amounts of 
dust because of high wind velocities and, in the winter, lesser amounts of 
vegetative cover. 


Sulfate, the most abundant dissolved constituent in the precipitation, 
averages about 5 mg/l and is usually more than half by weight of the dis- 
solved sol ids. The source of the sulfate is not known with certainty, but it 
is probably derived from gaseous sulfur dioxide in the air (Gambell and Fisher, 
1966, p. 20-28). Comparison of dissolved-sol ids content and dissolved sulfate 
(fig. 2) demonstrates the close correlation between the two, except in those 
samples in which the dissolved-sol ids content is abnormally high. 
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Figure 2.--Dissolved-sol ids and sulfate contents of precipitation in 
Allegany State Park. 


lSum of constituents is used throughout this report except where 
identified as residue. 
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Both sodium and chloride concentrations in the precipitation collected 
at Allegany State Park average about 0.6 mg/l and are 50 to 100 percent 
higher than at other inland collection stations in New York State. Recent 
studies of the distribution of sodium and chloride in precipitation have 
shown an obvious correlation with distance from a salt-water body (Gambell 
and Fisher, 1966, p. 9-14). However, oi l-field brine is the most 1 ikely 
source of salt in the precipitation in Allegany State Park, which is about 
275 miles inland from the Atlantic coast. The brine is discharged onto the 
land surface in this general area, and, when the brine evaporates, salt dust 
remains behind to be carried by the wind. 


Soil dust in the air is a source of calcium, magnesium, potassium, and 
bicarbonate in the precipitation samples; these constituents, except bicar- 
bonate, average less than 1 mg/l in the samples from Allegany State Park. 
Both nitrate and ammonium may be derived from windborne organic soil dust 
and from gases produced by decaying organic matter. 


An important property of precipitation is its pH. The pH of a solution 
is the negative common logarithm of its hydrogen-ion concentration. In 
terms of the pH scale of measurement, pure water has a pH of 7. A pH greater 
than 7 indicates an alkaline solution; a pH less than 7 indicates an acidic 
solution. The pH of precipitation is usually less than 7 because precipita- 
tion contains uncombined dissolved gases. Twenty-six monthly composite 
samples of precipitation listed in table 1 have a median pH of 4.5. The 
ability of acidic solutions to dissolve solids is generally well known. When 
acidic precipitation contacts minerals and soil, solution takes place. 


Chemical Quality of Overland Flow 


Overland flow is the flow of rainwater or snowmelt over the land 
surface toward stream channels (Langbein and Iseri, 1960, p. 14). The data 
in tables 2 and 3 represent samples of overland flow collected during or 
just after precipitation. Most of the samples were collected from gullies 
or puddles that are dry except during or just after precipi
ation. Naturally 
occurring, highly soluble salt deposits would have been leached from the land 
surface by the abundant precipitation long ago. The concentrations of sol- 
uble salts at the earth's surface in the humid climate of the Allegheny River 
basin are due to man1s activity. The third analysis in table 2 (latitude 
42°02 1 52 11 , longitude 79°17 1 24") was collected in a barnyard. It had a high 
potassium content of 40 mg/l, but a low nitrate content of 1.4 mg/l. The 
next to last analysis in table 2 (latitude 42°24 1 46 11 , longitude 78°29 1 33 11 ) 
was collected at the edge of a highway and a cornfield. It had a dissolved- 
solids content of 396 mg/l and was apparently contaminated by a salt mixture 
used for reducing road dust. 


Comparison of the chemical analyses of precipitation and overland flow 
(tables 1 and 2) reveals how water quality changes after water comes in con- 
tact with the earth. The average specific conductance of precipitation was 
35 
mhos/cm at 25°C (micromhos per centimeter at 25 degrees Celsius) and the 
average specific conductance of overland flow (including data from table 3) 
was 115 
mhos/cm. (All specific conductance measurements in this report are 
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Table 3.-- Specific conductance of overland flow 


Location Specific conductance 
Latitude Longitude Date (micromhos per 
(0 I ") (0 I ") centimeter at 25°C) 
42 10 45 79 44 27 9-28-67 72 
42 11 55 79 42 10 5- 9-67 159 
42 11 14 79 42 10 5- 9-67 166 
9-28-67 178 
42 11 11 79 37 37 5- 9-67 163 
9-28-67 119 
42 14 05 79 31 54 9-28-67 75 
42 2 1 43 79 29 42 9-28-67 158 
42 17 42 79 24 31 5- 9-67 158 
42 13 53 79 17 50 5- 9-67 115 
42 16 00 79 17 35 5- 9-67 65 
42 18 15 79 16 20 5- 9-67 390 
42 10 55 79 15 57 5- 9-67 47 
42 24 21 79 14 06 9-28-67 138 
42 23 46 79 12 27 5-10-67 140 
42 07 08 79 11 53 5-11-67 65 
42 22 37 79 05 54 5-10-67 210 
42 28 03 79 03 4 1 5-10-67 155 
42 09 47 79 02 19 5-11-67 165 
42 19 28 79 02 00 5-10-67 170 
42 05 41 78 48 32 5-11-67 170 
42 00 30 78 46 01 5-11-67 41 
42 10 57 78 21 10 5-11-67 55 
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in micromhos per centimeter at 25°C). An indicator of this change is the 
pH. The median pH increases from 4.5 in precipitation to 6.3 in overland 
flow. The increase in pH indicates that the acid precipitation has reacted 
with alkaline minerals. Calcium and magnesium are the ions commonly dis- 
solved from alkaline minerals in this reaction. Further comparison of the 
analyses of precipitation and overland flow reveals that calcium concentra- 
tion of overland flow is about six times that of precipitation and averages 
4.5 mg/l; magnesium concentration about eight times and averages 1.1 mg/l; 
and bicarbonate about 29 times and averages 13 mg/l. Primarily as a result 
of this solution, the average dissolved-solids content of overland flow is 
about three times that of precipitation. 


The source of bicarbonate (HC0 3 ) in water is carbon dioxide (C0 2 ) gas, 
which is concentrated in the soil by bacteria. The bacteria receive energy 
for their life processes through oxidation of cellulose, carbohydrates, fats, 
and proteins and from organic debris. Waste CO 2 gas is released in the proc- 
ess of oxidation. When rainwater trickles over soil that contains entrained 
air with high concentrations of CO 2 , the gas is readily dissolved in the 
water to become carbonic acid, H 2 C0 3 . Minerals of the soil readily react 
with the carbonic acid to form a more alkaline solution containing calcium, 
magnesium, and bicarbonate. The increase in these constituents is much 
greater in water that percolates through the soil than in water that runs 
over the soil surface. 


The concentrations of the very soluble constituents sodium, potassium, 
and chloride in overland flow are three to four times those in rainwater. 
These elements are available for solution at land surface only in minute 
quantities, and their increase in concentration is partly due to the solu- 
tion of the products of rock weathering and partly due to evaporation of the 
newly fallen precipitation. This evaporation is particularly effective dur- 
ing. the warmer months when the precipitation falls on a warm earth. For 
example, during summer showers water vapor may be seen rising from warm 
pavements, rocks, and other parts of the earth surface. This evaporation 
concentrates sodium, potassium, and chloride as well as other constituents 
in overland flow. 


Potassium is an important nutrient for plant life and is one of the 
major constituents in chemical fertilizers. Although potassium (K) is almost 
as abundant as sodium (Na) in the earth's crust (Mason, 1952, p. 46), it is 
not nearly so abundant as sodium in water. The average Na/K ratio in pre- 
cipitation in Allegany State Park is 2.3, and, exclusive of contaminated 
samples, the Na/K ratio in overland flow is 1.7. The increase in potassium 
in overland runoff is greater than the increase in sodium, and, therefore, 
the increase is not considered to be totally due to concentration through 
evaporation. The source of this additional potassium is clay, primarily 
illite, in the soil. The average percentages of sodium and potassium re- 
ported in shale and sandstone (Mason, 1952, p. 147) yield Na/K ratios of 
0.40 and 0.34, respectively. Because the parent rocks for the soils of the 
study area are shale and sandstone, potassium and sodium are probably present 
on the land surface in these same or similar ratios. The potassium is ad- 
sorbed by clay but may be released under acid conditions. Soil clay is 
probably the greatest source of dissolved potassium in the hydrologic cycle 
because acid water comes in contact with it most frequently. 
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Only a very slight change in average nitrogen content is observed in 
the overland flow. If the water did not lose or gain nitrogen after it came 
in contact with the ground, the nitrogen concentration would be expected to 
increase 3 to 4 times through evaporation and solution of weathered rocks, 
as did sodium and chloride concentrations. Natural addition to or subtrac- 
tion of nitrogen as nitrate or ammonia is complexly associated with organic 
activity. 


Although the chemical composition of precipitation changes consider- 
ably when it becomes overland flow in the study area, the water is still 
generally acceptable for most uses. However, when the water penetrates the 
land surface to become ground water, much more mineralization takes place; 
and the water may not be of desirable or acceptable chemical quality for 
some special uses. 


Chemical Quality of Ground Water 


Precipitation that does not run off the land surface or evaporate sinks 
into the earth and becomes soil moisture or ground water. Generally, the 
same chemical reactions take place in the soil as take place in overland 
flow. However, mineralization of soil moisture is much greater than miner- 
alization of overland flow because water in the ground has a much longer 
contact time with soil minerals and soil-entrained gases as it slowly per- 
colates through the soil (table 4). 


Soil moisture may return to the atmosphere through evaporation and 
transpiration or may percolate to the water table and become ground water. 
Most of the mineralization of the shallow ground water in southwestern New 
York takes place in the soil zones where water contacts weathered rock 
particles. The entire study area is underlain by nearly horizontal beds of 
Upper Devonian sandstone and shale and was almost entirely glaciated about 
14,000 years ago. These rock types are not very soluble and, therefore, do 
not generally contain highly mineralized water. However, the deep layers of 
these rocks contain salty connate water. (Connate water is water trapped in 
sediments when they were deposited.) Because the rocks underlying the study 
area were formed from sediments deposited in a sea, their connate water is 
very salty. This salty water has been flushed out of the shallow rock layers 
by the circulation of relatively fresh water derived from precipitation. 


The zone of connate water is near the land surface only in the deeply 
incised valleys of the Appalachian Plateau and in the lowest part of the 
study area, the Lake Erie lowlands. Petroleum and gas occur along with 
salty connate water in parts of the study area. This salty water, called 
oil or gas brine, is produced along with the petroleum or gas and is dis- 
charged as waste that pollutes the shallow aquifers, as well as many streams. 
For this reason, some areas of oil and gas production contain highly miner- 
alized ground water and surface water. 


Although no limestone or other carbonate bedrock are near land surface 
in the study area, carbonate rock fragments are common in most of the area. 
The continental glacier that covered much of this area carried carbonate 
rock fragments from the north and deposited them over land surface when the 
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Table 4.--Chemical com osition of r und water in the stud area 


Constituent Numb e r Range Average 
of mil 1 i g rams (milligrams 
or property analyses p r liter 2./) per 1 iter 2./) 
Calcium 86 9.2 - 126 38 
Magnesium 86 1. 7 - 21 7.7 
Sodium 84 1. 5 - 254 22 
Potassium 33 .4 - 2.4 1.1 
Bicarbonate 87 460 144 
Sulfate 87 0 92 19 
Chloride 192 0 - 2,420 43 
F 1 uo rid e 35 0 .6 . 18 
Nit rate 58 0 41 6.2 
Dissolved so 1 ids 186 62 - 4,440 244 
Hardness (as CaC0 3 ) 190 46 1 ,090 132 
Specific conductance 181 01 - 7,560 441 
pH 140 6.5 - 8.8 !U' 7.7 
a/ Specific conductance (in micromh s per centimeter at 25°C) 
and pH are not in milligrams per 1 i te r. 
b/ Median. 


ice melted. As a result, the soil of th glaciated area has more soluble 
carbonate rock fragments than the soil 0 the nonglaciated area. For this 
reason, shallow ground water in the glaciated area is usually harder and 
more mineralized than shallow ground wat r in the nonglaciated area. The 
southern limit of the continental glacier is shown in figure 4. South of 
the glacial ice many stream valleys, in luding the Allegheny River valley, 
become filled with sand and gravel outw sh containing carbonate rock 
pa rt i c 1 es . 


Ground water constitutes a large part of streamflow, pnrticularly when 
flows are low. Water quality is then most critical for nearly all uses. 
Thus, an understanding of ground-water circulation is helpful in predicting 
the chemical quality of streamflow. In southwestern New York, most of the 
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ground-water circulation is at shallow depths. Although deep ground-water 
circulation exists, the amounts of water being circulated are insignificant 
and in most areas do not noticeably affect shallow ground-water or surface- 
water quality. 


The ground-water circulation patterns in the Allegheny River val ley are 
presented diagramatically in figure 3. Bedrock in the study area is rela- 
tively impermeable and transmits water very slowly, but a highly fractured 
zone of rock usually exists at the top of the bedrock through which water 
may move much more rapidly. The quantities of water that flow through this 
zone are significant, and discharges from the zone add to streamflow. 


Ground-water circulation is greatest through the unconsolidated sand and 
gravel deposits, which are concentrated mainly in the valley areas adjacent 
to streams. Water in tributary streams flowing over sand and gravel deposits 
may sink into the deposits and become ground water. A striking example of 
this type of ground-water flow exists under Great Valley Creek where the 
underground flow toward the Allegheny River is estimated to be more than 20 
cfs (cubic feet per second). Although this type of circulation is found in 
all the sand and gravel-filled valleys of the study area, it is not so easily 
detected but is quantitatively an important part of the ground-water regimen. 


EXPLANATION 
GROUND WATER 


......T. I 
 



 

 


)II. :z 


Water table 


+ 


Sand and gravel 


Minor flow 


/=:=:. ==J 



 
Major flow 


Silt and clay 


Fractured bedrock 


\ 


\ 


\ 


NOT TO SCALE 


Figure 3.--Generalized ground-water circulation in the 
Allegheny River valley at Olean. 
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REGIONALIZATION OF CHEMICAL QUALITY OF STREAMFLOW 


The study area contains four distinct water-qual ity regions based on 
the dominant constituent and dissolved-sol ids content and (or) specific con- 
ductance (figure 4). Miscellaneous chemical analyses of samples collected 
for this study are included in table 7, and miscellaneous measurements of 
stream specific conductance and discharge collected for this study are in- 
cluded in table 8. The regional differences of stream-water qual ity shown 
by these data and the data in previous reports are dependent on discharge 
and on regional differences in geology. 


Region I is the nonglaciated part of the Allegheny Plateau, in which the 
bedrock is primarily sandstone and shale. Very few soluble carbonate miner- 
als are found in these rocks and the soils derived from them. Therefore, 
dissolved-sol ids contents of surface water in the region are low. For ex- 
ample, at the 60-percent duration point (the streamflow which is exceeded 60 
percent of the time), dissolved-sol ids content is usually less than 50 mg/l. 


The bedrock geology of Region I I is similar to that of Region I, but 
the soil and other unconsol idated sediments of the region contain fragments 
of soluble carbonate rocks that were transported from the north by continen- 
tal glaciers. Therefore, the streamflow in this region is more mineral ized 
than that of Region I, and the dissolved-sol ids content is expected to be 
about 165 mg/l when the streams are at the 60-percent duration point. Re- 
gion I I is the largest of the four regions. Variations of water qual ity in 
it are largely due to industrial and municipal discharges. 


Region I I I contains rock formations older than those in Regions I and 
II. These older formations contain pyrite, FeS (Tesmer, 1963), which is 
apparently the source of additional sulfate in the stream water. Oxidation 
of the sulfide in the soil and shallow bedrock converts the pyrite to sul- 
fate and iron oxide. Because less precipitation falls in Region II I than 
in any other region in the study area, water is generally in short supply. 
Consequently, there is less water to dissolve and dilute mineral matter. 
The dissolved-sol ids contents are generally greater than 120 mg/l, except 
during periods of high streamflow. Dissolved-sol ids contents are expected 
to be about 210 mg/l when streamflow in this region is at 60-percent dura- 
tion. Some brine leakage from abandoned gas wells may also add to the 
higher dissolved-sol ids content of water in this region. 


Oil-field brine is responsible for sodium and chloride contents that 
characterize the streamflow of Region IV. The Allegheny River is affected 
by oil-field brine throughout its length in New York State. Location of 
the brine-producing oil fields is dependent on geologic factors, but con- 
tamination of the surface water is due to man's management of the oil pro- 
duction. Dissolved-sol ids content of streams of Region IV is dependent on 
the quantity of brine discharged and the quantity of freshwater available 
to dilute it. Therefore, contamination is worst in areas where oil produc- 
tion is greatest and when natural streamflow is low. The most active oil 
field in the study area during 1967 was the Chipmunk Field. One water 
sample from Chipmunk Creek, which drains the field, was found to have a 
dissolved-sol ids content in excess of 7,000 mg/l. Three other streams in 
Region IV that have higher dissolved-solids contents, as well as higher 
sodium and chloride contents than most streams in the basin, are Fourmile 
Creek, Tunungwant Creek, and the Allegheny River. 
- 17 - 
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Chemical analyses of stream water sampled before this study began are 
included in the reports by Beetem (l954), Pauszek (1959), and the U.S. 
Geological Survey (1964 and 1967). The general chemical-quality relation- 
ships derived from these data are presented in the following discussion. 


The relationship between dissolved-solids content and specific conduct- 
ance of streamflow is shown in figure 5. Because of the high degree of cor- 
relation between the two parameters, evidenced by the lack of scatter in this 
figure, the dissolved-solids content can be approximated from specific con- 
ductance measurements by the conversion formula: Dissolved-solids content = 
0.60 x specific conductance. Throughout this report, specific conductance 
is used as an expression of the degree of mineralization of water because 
dissolved-solids content and specific conductance are so closely and simply 
related at the concentrations shown in figure 5. 


As the degree of mineralization of streamflow varies, the concentrations 
of the individual dissolved constituents also vary. In figures 6, 7, and 8, 
the variations of bicarbonate, chloride, and sulfate anions with respect to 
dissolved-solids content are shown. 


Bicarbonate is consistently the major anion in the nonpolluted surface 
water of Regions I and II, and bicarbonate concentrations can be predicted 
with a fair degree of accuracy from measurements of dissolved-solids content 
or specific conductance (fig. 6). Because the waters of Regions I I I and IV 
are mixtures of different types (calcium bicarbonate, sodium chloride, and 
calcium sulfate) and the mixture ratios vary from place to place and time 
to time, there is no correlation between dissolved-solids and bicarbonate 
contents in these regions. 


Chloride is not generally a major constituent of stream water, except 
where the streams are contaminated by oil-field brine as they are in Region 
IV. Water that drains from Chipmunk Field, a producing oil field, is so 
high in chlorides that the quality data plot off the scales in figure 7. 
Dissolved-solids content of oil-field brine is about 140,000 mg/l (Fettke, 
1938, p. 255). 


About 60 percent of the dissolved solids in the oil-field brine is 
chloride, and the dissolved-solids content of a mixture of meteoric water 
and brine is expected to be less than 60 percent chloride. All the points 
in figure 7 represent chloride percentages of less than 60 percent. The 
dissolved solids of two samples of brine-contaminated water from Chipmunk 
Creek contained 56.6 and 56.8 percent chloride. 


The sulfate concentration of stream water in Regions I, I I, and IV of 
the study area generally ranges from 10 to 30 mg/l. However, the sulfate 
concentration of surface water in Region I I I is higher than it is in Regions 
I, II, and IV and is not proportional to the dissolved-sol ids content 
(fig. 8). 


The degree of correlation between the cations calcium (Ca+ 2 ) and sodium 
(Na+) and dissolved-sol ids content are shown in figures 9 and 10. There is 
a close relation between calcium and dissolved-solids content in Regions I 
and II (fig. 9), and the calcium content of stream water from these regions 
could be estimated with a fair degree of accuracy from a measure of 
dissolved-solids content. 
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There seems to be a correlation between calcium and the dissolved- 
solids content for water from Region IV as well; the lowest concentrations 
of calcium approach the theoretical lower limit for concentrations of cal- 
cium expected in water polluted by oil-field brine. In the brine-polluted 
water of Region IV, calcium content increases as dissolved-solids content 
increases because about 11 percent of the dissolved constituents in the 
brines is calcium. Therefore, the dissolved-solids content of brine- 
contaminated water would contain no less than 11 percent calcium even if the 
brine were mixed with distilled water. In fact, however, the brine is mixed 
with natural stream water whose major cation constituent is calcium. There- 
fore, samples of mixed water will contain more than 11 percent calcium, if 
it is not precipitated by chemical reaction. Precipitation of calcium may 
take place in highly mineralized water. For example, in three samples of 
highly mineralized water from Chipmunk Creek having dissolved-solids con- 
tents ranging from 2,160 to 7,480 mg/l, only 6.9 to 8.9 percent of the 
dissolved-solids content was calcium. 


Magnesium is another cation in all the surface water of the study area. 
It is chemically similar to calcium, and its concentration increases with the 
increase of dissolved-solids content. Magnesium usually represents 5 percent 
of the dissolved solids. 


Sodium concentrations in Regions I and I I are normally less than 10 
mg/l except where contamination has taken place (fig. 10). In fact, high 
sodium concentrations in these regions would indicate pollution and contami- 
nation. There is virtually no correlation between dissolved-solids and 
sodium contents in Regions I and I I. Presumably all the sodium available 
for solution is at land surface and is immediately dissolved by precipita- 
tion. Below land surface, sodium is not available for solution. Although 
dissolved-solids contents increase because of the solution of other constit- 
uents, sodium concentrations generally do not increase. There is, however, 
a definite correlation between dissolved-solids and sodium contents in Region 
IV where the water is polluted by oil-well brine, whose sodium content is 
about 25 percent of the dissolved-solids content. In figure 10, the points 
representing samples from Region IV approach a 25-percent sodium line, the 
same percentage as in the brine. At higher dissolved-solids contents than 
about 500 mg/l, the brine-polluted water may be saturated with respect to 
calcium; and precipitation of calcium would increase the relative percentage 
of sodium to more than 25 percent. Therefore, 25-percent sodium content only 
approximates an upper percentage limit for highly mineralized water in Region 
IV. In three samples of water from Chipmunk Creek whose dissolved-solids 
contents ranged from 178 to 7,480 mg/l, sodium content ranged from 19.1 to 
26.6 percent of the dissolved solids. 


Chemical analyses for a few trace elements were made for 10 representa- 
tive streams in the study area (table 5). None of the samples was found to 
contain an abnormal concentration of any of these elements. However, the 
results of these analyses form a reference in the event of future chemical 
quality changes that might be caused by accidental spills. 
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Besides the regional variations of stream-water quality, there are 
wide ranges of quality from time to time within the regions. Although the 
degree of mineralization of stream water may vary considerably within a re- 
gion or a stream, the proportions of the dissolved constituents character- 
istic of that region or stream generally remain unchanged. Generally, the 
dissolved-solids content of stream water at anyone place varies in a pre- 
dictable manner. 
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Figure 5.--Relationship between specific conductance and 
dissolved-solids content of surface water in 
the Allegheny River basin study area. 
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Figure 6.--Relationship between bicarbonate and dis
olved- 
solids content of surface water in the Allegheny 
River basin study area. 
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Figure 7.--Relationship between chloride and dissolved-solids 
content of surface water in the Allegheny River 
basin study area. 
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of surface water in the Allegheny River basin study area. 
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Figure 10.--Relationship between sodium and dissolved-solids content 
of surface water in the Allegheny River basin study area. 
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VARIATIONS OF CHEMICAL QUALITY OF STREAMFLOW WITH RESPECT TO DISCHARGE 


Streamflow is derived from two different sources of water: overland 
flow, which is low in dissolved-solids content, and ground-water discharge, 
which is relatively high in dissolved-solids content. The proportions of 
water derived from these two sources vary considerably from time to time. 
During periods of high discharge soon after precipitation or snowmelt, 
streamflow consists primarily of overland flow that has a low dissolved- 
solids content. After periods of no precipitation, streamflow is low, and 
consists almost entirely of ground-water discharge that has a relatively 
high dissolved-solids content. All intermediate mixtures of overland flow 
and ground-water discharge can exist in a stream at one time or another. 
Because of these mixtures, the dissolved-solids content of stream water 
varies inversely with respect to stream discharge. Therefore, the chemical 
quality of streamflow may be estimated if the chemical qualities of overland 
flow and ground-water components are known, and streamflow, ground-water 
discharge, and overland flow are known. 


Given the duration curves in figure 11 and the average specific con- 
ductance of overland flow and ground water, the specific conductance of 
streamflow mixtures can be computed for all stream discharges. The computa- 
tion of specific conductance of the streamflow is that of a mixture problem. 
The following mixture formula is adapted from the formula that was presented 
by La Sala (1967) as a method of computing dissolved-solids contents of 
streams in the Lake Erie-Niagara area of New York State. Because measure- 
ments of specific conductance are easily made and are readily available, 
specific conductance, as well as dissolved-solids contents, is used here and 
throughout this report to describe the degree of mineralization of water. 
Qof(Sof)+Q g w(S g w) 
Specific conductance of streamflow = Q 
where: 
f is the overland flow component 
Sof is the specific conductance of overland flow 
Qgw is the ground-water discharge component 
Sgw is the specific conductance of ground water 
Q is the total streamflow (
f + Qgw) 


Example: 


To compute the specific conductance of streamflow in Conewango Creek at 
Waterboro at the 44-percent duration point (the flow which is expected to 
be exceeded 44 percent of the time). 


Qof = 113 cfs 
Sof = 115 llmhos/cm (average of 34 measurements) 
Qgw = 137 cfs 
Sgw = 320 llmhos/cm (highest measured specific conductance of 
Conewango Creek is considered to be the approximate 
average specific conductance of ground water) 
Q = 250 cfs 


substituting: 


Specific conductance of streamflow 


= 113(115)+137(320) = 
250 


227 }Jmhos/cm 
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EXAMPLE: 
The specific conductance in micromhos 
at 25 degrees celsius of Conewango 
Creek at Waterboro is expected to 
exceed 220 micromhos 40 percent 
of the time., 
" 
"\.. 
, 
'\. 
, 
'" 


5000 


100 


50 


o 


5 

 

 
= 
== 
== 

 

 

 
- 
- 
- 
- 
- 
I 
0.01 0.1 


\ 
\ 
\ 
" o-o-
o
 


 (O 8 \ 
o 0,0 

 

 o -f- 
o 0 
o 
8 0 0 


o Measured specific 
conductance 


I 


I 


99.9 


en 
:;:) 
zV> 
-Ld 
LLiU 
400 
 
 


 
300 g 
 
00 
zLn 
ON 
200 U 
 
Uen 
LL:O 
u
 

O 
en a: 
U 

 



 
== 

 
== 
== 
--== 
== 
- 
- 
- 
- 
- 
\00 
99.99 


PERCENT OF TIME STREAMFLOW, GROUND-WATER DISCHARGE AND SURFACE FLOW WERE EOUALED OR EXCEEDED 


o 0 


5 


10 


20 30 40 50 60 70 80 90 95 


99 


Figure ll.--Duration curves of streamflow and estimated duration 
curves of ground-water discharge, overland flow, and 
specific conductance for Conewango Creek at Waterboro. 
(Adjusted to 1931-60 base period, 
drainage area 290 square miles.) 
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By solving this formula for a number of values, a computed quality 
(specific conductance) duration curve was made for Conewango Creek at Water- 
boro and is included in figure 11. Measured specific conductances of 
Conewango Creek agree closely with those indicated by this computed quality- 
duration curve and are compared in the following table: 


Specific conductance 
Discharge (micromhos per centimeter at 25°C) 
(cfs) Com p uted Measured* 
1,000 156 156 
800 166 160 
600 180 183 
400 207 205 
250 227 227 
150 258 254 
100 283 278 
80 294 290 
* Determined from relationship curve (fig. 20) 
based on 56 measurements of specific conductance. 


The variations of chemical quality of streamflow with respect to dis- 
charge for the major streams of the study area are discussed in the follow- 
ing sections of this report. 


Allegheny River 


The relationships between chemical composition and discharge for the 
Allegheny River at Red House near Salamanca are based primarily on data 
collected from October 1953 to September 1959 (Pauszek 1956 and 1959). The 
collection site at Red House was moved to the Allegheny River at Salamanca 
on September 30, 1964, because the former site of Red House is inundated by 
the Allegheny Reservoir when the reservoir is at flood-pool elevation. In 
figure 12 the discharge hydrograph of mean daily flow and daily specific 
conductance for the calendar year 1954 shows the inverse relationship be- 
tween specific conductance and discharge; high specific conductances occur 
during periods of low streamflow, and low specific conductances occur dur- 
ing periods of high streamflow. The curves of relationship between dis- 
charge and specific conductance in figure 13 are based on mean daily flow 
and daily specific conductance at Red House near Salamanca from October 1, 
1953, to September 30, 1956; June 1, 1958, to August 31, 1958; June 8 to 
August 31, 1959 (Pauszek, 1956 and 1959); and at Salamanca in 1967. These 
curves may be used, within certain limits, for estimating the chemical 
quality of the Allegheny River near Salamanca. These limits must be under- 
stood before the relationships may be used with a reasonable degree of 
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reliability. The curve based on data from measurements during 1959 and 1967 
is shifted to the left because of reduced production of crude oil and brine 
in the Allegheny River basin. Estimations of water qual ity should be made by 
this relationship curve based on the latest data. As crude-oil production 
and production methods change in the drainage area, the discharge-specific 
conductance relationship curve should be expected to shift. For this reason, 
periodic monitoring of specific conductance and discharge is advisable to up- 
date the specific conductance-discharge relationship curves for greatest ac- 
curacy. The curve is generally more reliable at high flows than at low flows 
because at low flow the river is severely affected by oil-field brine dis- 
charges. The curve is not considered reliable for discharges occurring dur- 
ing or 1 to 3 days after precipitation, except when the discharge is more 
than about 10,000 cfs. Water from storms flushes concentrated brine from 
stream-channel storage and the ground in oil fields. The flushing increases 
the percentage of dissolved sol ids in the Allegheny River. Figure 14 shows 
two excellent examples of this flushing effect. In one of these examples 
(October 6, 1955), the flushing of the tributaries by storm water actually 
increased the specific conductance of the river water, contrary to the gen- 
eral rule that dissolved-sol ids contents vary inversely with discharge. For 
this reason, the specific conductance-discharge curve in figure 13 should not 
be used to estimate water qual ity during or soon after a rainstorm. 


Near Salamanca, the river water is a sodium chloride type. As the oil- 
field brine is mixed with smaller volumes of the natural calcium bicarbonate 
water, both specific conductance and sodium chloride content of the mixture 
increase. The relationships in figure 15 are based on data from chemical 
analyses of 60 water samples, most of which were collected between September 
1953 and September 1959. These relationships, when used with figure 13, 
provide a reasonably accurate method for computing the concentrations of the 
various constituents for any discharge at Salamanca, assuming that the pre- 
viously mentioned 1 imits are considered. They also may be used with the 
curve in figure 16A to compute the percentage of time that the concentrations 
of the principal constituents are expected to exceed given amounts. As an 
example, assume that the percentage of time that the calcium concentration 
is expected to exceed 30 mg/l near Salamanca is to be determined: Figure 15 
shows that the calcium concentration is 30 mg/l when the specific conductance 
is 470 
mhos/cm, and figure 16A shows that the specific conductance near 
Salamanca is expected to exceed 470 
mhos/cm about 22 percent of the time. 
Therefore, the calcium concentration is expected to exceed 30 mg/l about 22 
percent of the time. 


Because only 3 complete years of daily specific conductance measurements 
are available for the Allegheny River near Salamanca, an empirical chemical 
qual itYf
uration curve might be somewhat inaccurate when applied to other 
years,/'fn figure 16A, specific conductance duration curves for the 1954, 
1955, and 1956 water years (October 1 through September 30) show the shift 
of the duration curve that can take place from year to year. Shown in 
figure 16B for comparison are flow-duration curves for 1954, 1955, and 1956. 
In figure 16A, specific conductance was higher during the 2 dry years (1954, 
1955) than during the wet year (1956). Because the curves (fig. 16A) repre- 
sent both dry and wet years, they suggest the probable yearly extremes of 
water qual ity in the Allegheny River. As shown in figures 16A and B, the 
three specific conductance duration curves and the three flow-duration 
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curves have similar shapes and relative positions. This simi larity prompted 
and is the basis for the estimated long-term specific conductance-duration 
curve drawn in figure l6A. The estimated long-term specific conductance- 
duration curve is drawn to be analogous to the long-term flow-duration curve 
based on 61 years of record. The curve is the best avai 1able to define the 
long-term specific conductance of the Allegheny River near Salamanca and 
represents the long-term water qual ity inflow to the Allegheny Reservoir. 
Unfortunately, the chemical qual ity of the Allegheny River is highly 
susceptible to effects of fluctuations in crude-oi 1 production in the 
drainage basin. The quantities of crude oil and associated brine produced 
vary from time to time and from place to place. In addition, restrictions 
governing brine disposal and treatment also change. For these reasons, many 
of the quality-of-water relationships for the Allegheny River wi 11 change 
and will need periodic updating. 
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Figure 12.--Discharge and specific conductance of the Allegheny 
River near Salamanca in 1954. 
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Figure 13.--General relationship between specific conductance and 
discharge for the Allegheny River near Salamanca. 
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Figure 14.--Effect of precipitation on the specific conductance of 
the Allegheny River near Salamanca. 
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Figure 15.--Relationships between specific conductance and various 
chemical constituents of the Allegheny River 
near Salamanca. 
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EXAMPLE: 


Specific conductance is 
expected to be more than 
530 micromhos 22 percent 
of the time. 
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Figure 16(A).--Specific conductance-duration curves for the Allegheny 
River at Red House, 1954-56 water years. 
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Figure 16(B).--Flow-duration curves for the Allegheny River at 
Red House, 1954-56 water years. 
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Nonglaciated Areas 
Variation of chemical quality of streamflow in nonglaciated areas (Re- 
gion I) is slight. For example, the specific conductance of Bone Run near 
Onoville ranged from 52 
mhos/cm (about 32 mg/l dissolved-solids content) at 
a discharge of 60 cfs to 75 
mhos/cm (about 42 mg/l dissolved-solids content) 
at a discharge of 0.22 cfs. This variation is small because of the scarcity 
of soluble minerals in the soils and the rocks of the region. Because of the 
similarity in chemical quality of the streams in the nonglaciated area, the 
relationship between specific conductance and discharge seems to be almost 
identical for Ninemile Creek, Quaker Run, Bone Run, and Red House Brook (fig. 
17). However, Wrights Creek and Fivemile Creek, which both drain partly 
glaciated terrain, have somewhat higher dissolved-solids contents (between 38 
and 85 mg/l) in samples taken during 1967. 


Originally, almost all of Fivemile Creek valley was assumed to have been 
glaciated because there is ample evidence of glaciation south of it in the 
Allegheny River valley. However, the relatively low dissolved-solids content 
of Fivemile Creek suggested that very 1 ittle of the stream's drainage basin 
was glaciated. Further observations of geology and topography in the basin 
have substantiated this suggestion. 


There is little variation in percentage of dissolved constituents from 
stream to stream in Region I. Stream water in Region I is very similar to 
rainwater, low in dissolved-solids content but having relatively high concen- 
trations of sulfate. Because the concentration of sulfate does not increase 
proportionately with the other dissolved solids as the specific conductance 
increases, the primary source of sulfate is probably precipitation. 


The ions dissolved in the greatest quantities by ground water and over- 
land flow in Region I are bicarbonate, calcium, and magnesium. Sodium and 
chloride are not important mineral constituents of stream water in Region I; 
as the dissolved-solids content increases, the concentrations of sodium and 
chloride increase only slightly. 


The approximate chemical composition of stream water from any stream 
wholly within Region I can be estimated from figures 17 and 18. For example, 
a stream discharging 4 cfs from a drainage area of 20 square miles has a dis- 
charge of 0.2 cfs per square mile, and from figure 17 this discharge would be 
expected to have a specific conductance of about 67 micromhos. From figure 
18, the approximate chemical composition of water with 67 micromhos specific 
conductance can be constructed as: dissolved-solids content, 39 mg/l; hard- 
ness, 26 mg/l; bicarbonate, 23 mg/l; sulfate, 10 mg/l; calcium, 7 mg/l; and 
magnesium, sodium, or chloride, 2 mg/l. 


Local pollution, if present, will increase the specific conductance 
and introduce considerable error into the computation of water quality. How- 
ever, the dissolved-solids content and the specific conductance of water in 
Region I are so low that the pollution should easily be detected through 
higher-than-expected dissolved-solids content and specific conductance. 
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Figure 17.--Specific conductance of streams draining nonglaciated and 
partly glaciated terrain, Region I. 
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Figure 18.--Relationships between specific conductance and dissolved- 
solids content, hardness, and selected constituents of 
the streams of Region I. 
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Brokenstraw Creek and French Creek Drainage 


Both Brokenstraw and French Creeks drain the western part of Region I I. 
Although there seems to be a high degree of correlation between discharge and 
specific conductance for French Creek, there is only a very poor correlation 
between these two parameters for Brokenstraw Creek (fig. 19). Collection and 
analysis of additional water samples from Brokenstraw Creek and concomitant 
measurements of discharge would probably define these relationships for 
Brokenstraw Creek also. 
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Figure 19.--Relationships between specific conductance and 
discharge for Brokenstraw and French Creeks, 
Region I I. 
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The specific conductance of the two streams is expected to range from 
about 75 
mhos/cm (the specific conductance of overland flow) to 250 
mhos/cm 
(the approximate average specific conductance of ground water in the drainage 
area). The average specific conductance of 24 ground-water samples from both 
deep and shallow wells in Region II was 290 
mhos/cm. Specific conductances 
of stream water in excess of the 290 average would indicate pollution. The 
proportions of identical chemical constituents in water from Brokenstraw and 
French Creeks are nearly identical, and the proportions differ only slightly 
from those for other streams in Region I I · 


Measurements during 1953 as well as 1967 were used to correlate dis- 
charge and specific conductance of French Creek. The correlation was vir- 
tually constant from 1953 to 1967. 


Conewango Creek Drainage 


The largest drainage basin in Region I I is the Conewango Creek basin. 
Cassadaga Creek and Chautauqua Lake through the Chadakoin River are tribu- 
tary to Conewango Creek. 


The specific conductance of Conewango Creek at Waterboro is expected to 
range from 70 
mhos/cm (about 40 mg/l dissolved-solids content) at high flow 
to 350 
mhos/cm (about 195 mg/l dissolved-solids content) at low flow (fig. 
20). The relationship between specific conductance and discharge for Cone- 
wango Creek at Waterboro is based on 56 measurements and is expected to be 
most reliable for chemical quality prediction when the stream is at base 
flow. 


To demonstrate the reliability of the relationships between specific 
conductance and various dissolved constituents in Conewango Creek at Water- 
boro, correlation coefficients for specific conductance and various para- 
meters were computed. These coefficients along with the relationship 1 ines 
and their formulas, which were derived by statistical regression methods, 
are shown in figure 21. 


A duration curve of specific conductance for Conewango Creek at Water- 
boro was computed to illustrate variation of chemical quality of stream water 
as a result of mixing of overland flow and ground-water discharge (fig. 11). 
This curve conforms remarkably to observed data. Refinement of the tech- 
niques of separating overland flow and ground-water discharge curves as well 
as expansion of the quality of streamflow mixture formula to include the 
different effects at low base flow and floodflow would allow computation of 
an accurate specific conductance-discharge curve. 


Most other streams in the Conewango drainage have specific conductance 
ranges similar to the range for Conewango Creek at Waterboro (fig. 22). 
However, Conewango Creek near South Dayton may have a specific conductance 
in excess of 550 
mhos/cm during periods of low flow because of waste-water 
discharges at South Dayton. Although samples of low flow are not available 
for little Conewango Creek, waste water entering the stream near Randolph 
may also cause the specific conductance of this stream to exceed 350 
mhos/cm 
during low-flow periods. 
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The relationship between specific conductance and discharge for Cassa- 
daga Creek at Ross Mills is based on measurements in 1952, 1953, and 1967 
(fig. 20). The specific conductance of this stream is expected to range 
from 60 to 275 
mhos/cm, a little lower than that for Conewango Creek at 
Waterboro. 


The highest specific conductance for Elm Creek, tributary to Conewango 
Creek at Randolph, is expected to be between 200 and 250 
mhos/cm. The 
specific conductance of this stream is probably lower than the specific con- 
ductance of other streams in Region I I because of impoundment and s10w re- 
lease of overland flow from a soil-conservation reservoir upstream from the 
sampling site at East Randolph. 


Samples of stream water from eight sites upstream from Waterboro and 
within the Conewango Creek drainage basin are similar in chemical composi- 
tion. The approximate percentages of the major constituents are: 


Ca 1 c i urn. . . . . . . . . . . . . . . .. 19. 5 


Magnesium............... 3.5 


Sodium and Potassium.... 3 


Bicarbonate............. 59.5 


Sulfate................. 11.5 


Ch lori de. .. .. .. .. .. .... . 3 


100 percent 


Percentages of various dissolved constituents in the stream water in 
this basin vary only slightly from place to place and are similar to the 
relative percentages of the various dissolved constituents in Conewango 
Creek at Waterboro. Therefore, crude estimates of chemical composition for 
any of these streams might be made from measurements of specific conductance 
and the lines of relationship in figure 21. 
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Figure 20.--Relationships between specific conductance and 
discharge for Cassadaga and Conewango Creeks. 
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Figure 22.--Relationships between specific conductance and discharge 
for Conewango Creek and its tributaries. 
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Chautauqua Lake and Chadakoin River Drainage 
The short-term (1 to 2 months) variation in chemical quality of dis- 
charge from Chautauqua Lake (Chadakoin River) is very small because the lake 
acts as a large mixing and storage basin. (Surface area of the lake is 21 
square mi1es and mean depths are 30 feet in upper half and 15 feet in lower 
half.) The mixture of overland flow (with a specific conductance of 70 

mhos/cm) and ground-water discharge (with a specific conductance of 275 

mhos/cm) in the lake is slowly released through the Chadakoin River at 
Jamestown. Variation of specific conductance of water in the Chadakoin River 
at Falconer and the re1ationship between discharge and specific conductance 
of water 6 inches below the lake surface at Celeron are shown in figure 23. 
Generally, the specific conductance of the water remained remarkably constant 
at the sampling site and in the Chadakoin River during the summer of 1967. 
The weight percentages of various dissolved constituents in Chautauqua Lake 
and the Chadakoin River change very little as the 1ake water passes through 
the Chadakoin River. 


JULY 
1967 
Figure 23.--Specific conductance of the Chadakoin River and Chautauqua Lake. 
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Over periods of several months or more, the specific conductances of 
Chautauqua Lake and the Chadakoin River fluctuate more than over short per- 
iods. Yearly variations of specific conductance are dependent on the rela- 
tive amounts of ground water and overland flow entering the lake. During 
wet years, when there is more overland f10w than during dry years, propor- 
tionately more overland flow reaches the lake. At this time, the specific 
conductance of the lake-water mixture is less than it is during dry years. 
Therefore, the relationship between specific conductance and discharge pre- 
sented in figure 23 will .not be valid for all years. However, estimation of 
water quality for short periods of 1 or 2 months would be possible from one 
measurement of specific conductance. 


In contrast to the rather constant specific conductance of the discharge 
from Chautauqua Lake, the specific conductance of streams tributary to the 
lake range widely with respect to discharge. The specific conductance of 
Goose Creek ranged from about 90 
mhos/cm during floodflow to 260 
mhos/cm 
at a flow that is exceeded about 75 percent of the time. Although measure- 
ments are not available, the specific conductance would probably be somewhat 
higher at lower flows. Bemus Creek and Prendergast Creek exhibit discharge- 
specific conductance relationships simi1ar to those for Goose Creek. (See 
figure 24.) 


Measurements of specific conductance in 1952 and 1967 were used to con- 
struct curves showing the relationship between specific conductance and dis- 
charge. No shift of these curves was observed over the sampling period. 
They will probably be valid in the future and may be used to estimate water 
qual ity. Changes in man's use of the streams and their drainage areas will 
alter the discharge-specific conductance relationships, and such changes will 
necessitate updating of the curves. The percentages of various dissolved 
constitutents in four streams flowing into Chautauqua Lake are nearly iden- 
tical (fig. 24) and are not significantly different from streams in the re- 
mainder of Region I I. 
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Figure 24.--Relationships between specific conductance and discharge 
of streams tributary to Chautauqua Lake. 
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Great Valley Creek and Litt1e Va11ey Creek Drainage 


Analyses of the relationship between specific conductance and discharge 
were made for five different stream sites in Great Valley Creek and Little 
Valley Creek drainage basins in Region I I. The chemical quality of all the 
samples taken from these sites in 1953 and 1967 is remarkably similar, as 
is the variation between specific conductance and discharge. Because of 
these similarities, specific conductance can be related to discharge per 
unit area of drainage (fig. 25). By presenting variation of specific con- 
ductance as a function of discharge per unit area (cubic feet per second per 
square mile), the specific conductance can be computed for any stream in 
Great Valley Creek and Little Valley Creek drainage basins. The discharge 
in cubic feet per second per square mile for any site may be used with the 
curve of relationship in figure 25 to predict the specific conductance of 
the stream. 


The degree of reliability of such computation is largely dependent on 
whether the specific sampl ing site is representative. The relationship in 
figure 25 cannot be used indiscriminately. The user must avoid prediction 
at sites where sewage outfalls, 1arge springs, leaking oil wells, and other 
conditions might cause anomalous dissolved-solids contents. Although con- 
siderab1y wider application of the discharge-specific conductance relation- 
ship is possible in Great Valley Creek and Little Valley Creek basins, the 
chance of error due to anomalous conditions must be considered. 


Variations of percentages of the different chemical constituents in 
stream water throughout Great Valley Creek and Little Valley Creek basins 
are slight. The approximate percentages of dissolved constituents are: 


C a 1 c i urn. . . . . . . . . . . . . . .. 19. 5 


Magnesium.............. 3 


Sodium and potassium... 3.5 


Bicarbonate. ...........60.5 


Sulfate................ 8.5 


Chloride............... 4 


Nit rate. . . . . . . . . . . . . . . . 


100 percent 


In addition, comparison of relative percentages of the various dissolved 
constituents in the streams and in ground water in the basin shows that 
chemical quality of stream water and chemical quality of ground water are 
simi lar (fig. 25). 
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Figure 25.--Variation between specific conductance and discharge of 
Great Valley Creek and Little Valley Creek 
drainage basins. 
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Olean Creek Drainage 


Most of the water in Olean Creek (Region I I) comes from Ischua Creek 
and Oil Creek basins, more than 10 miles north of Olean Creek's confluence 
with the Allegheny River at Olean. Most of the dissolved constituents in 
the stream and its tributaries are dissolved in the headwaters, where gla- 
cially derived sand and gravel transmit and discharge large quantities of 
ground water to the streams. The specific conductance of these streams is 
expected to range from 70 to 350 
mhos/cm, except in Ischua Creek at 
Franklinville, where it is expected to be slightly higher. The relation- 
ships between discharge and specific conductance for three sites in the Olean 
Creek drainage system are shown in figure 26. The curves of relationship in 
this figure may be used to predict water quality at the specific sites. The 
curve for Olean Creek near Olean may be used for the whole length of Olean 
Creek because the small drainage area below the confluence of Ischua and Oil 
Creeks, where Olean Creek begins, yields relatively little water to affect 
the quality of water in the creek. Surface-water flow varies from place to 
place along Ischua Creek, and the discharge-specific conductance relations 
for one site may not be valid for another site. There is little difference 
in the percentages of various constituents except for a slightly higher 
sodium-plus-potassium content in Oil Creek near Hinsdale. 
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Figure 26.--Relationships between specific conductance and 
discharge of the Olean Creek basin. 
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Lake Erie Drainage 


Owing to changes in geology, the chemical quality of stream water in 
the Lake Erie drainage basin varies on an areal basis. Lake Erie drainage 
contains all of Region II I and some of Region I I, and, as a result, some of 
the streams exhibit considerable water-quality variation along their lengths. 
All the streams in figures 27 and 28 head in Region I I and cross Region I I I 
before discharging to Lake Erie. Five streams were sampled before they 
crossed Region I I I: Walnut Creek near Forestville, Silver Creek near Smiths 
Mills, Little Canadaway Creek at Lamberton, Canadaway Creek near Fredonia, 
and Bournes Creek at Westfield. The same five streams also were sampled 
near the lake shore after they had crossed Region II I. Dissolved-solids 
contents increase markedly in these streams as the streams cross Region I I I. 
Not only does the water become more mineralized, but the percentages of var- 
ious dissolved constituents change; generally sodium, chloride, and sulfate 
increase, and the percentages, but not the amounts, of calcium and bicarbon- 
ate decrease. 


Although Twentymile Creek is tributary to Lake Erie, it drains Region 
I I; and its water is representative of the type and the variation of water 
quality expected in streams draining that region (fig. 29). 


Walnut Creek near Forestville and Silver Creek near Smiths Mills drain 
areas underlain by large thicknesses of glacial moraine derived from rocks 
farther north. The moraine contains more carbonate rock fragments than the 
bedrock of the study area, and, as a result, water draining from these de- 
posits has a higher dissolved-sol ids content than water draining from the 
bedrock areas. For example, the specific conductances of Walnut Creek near 
Forestville and Silver Creek near Smith's Mills were 376 and 295 
mhos/cm, 
whereas the specific conductance of Twentymile Creek at South Ripley was 264 

mhos/cm on September 19, 1967. 


The water in Little Canadaway Creek has crossed a little of Region I I I, 
at Lamberton, and much more of it at Van Buren Point. Specific conductance 
measurements of Little Canadaway Creek on August 24, 1967, at Lamberton and 
at Van Buren Point were 400 and 678 pmhos/cm, respectively. The increase in 
specific conductance is due to the geology of Region I I I. A simi lar change 
takes place in Bournes Creek as it flows over Region I I I. On August 24, 
1967, the specific conductance of Bournes Creek was 288 
mhos/cm at Route 20 
and 659 
mhos/cm at Route 5 near Westfield. The specific conductance more 
than doubled over a stream length of about lk miles. 


Although the specific conductance of Little Canadaway Creek at Lamber- 
ton generally ranges from 100 to 400 
mhos/cm, the percentages of various 
constituents remain constant. For example, the percentages of calcium in 
three samples from Little Canadaway Creek at Lamberton were 19.0, 19.1 and 
21.6. The dissolved-solids contents for these same samples were 84, 121, 
and 241 mg/l respectively. The relationship between specific conductance 
and various dissolved constituents, as well as dissolved-solids content and 
hardness, of Little Canadaway Creek at Lamberton is shown in figure 30. The 
figure can be used to compute the chemical composition of water in Little 
Canadaway Creek at Lamberton, but only at Lamberton. 
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Figure 27.--Relationships between specific conductance and discharge 
of Little Canadaway and Bournes Creeks. 
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Figure 28.--Relationships between specific conductance and discharge 
of Walnut and Silver Creeks. 
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Figure 29.--Re1ationships between specific conductance and discharge 
of Canadaway Creek and Twentymile Creek. 
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Figure 30.--Relationships between specific conductance and dissolved-solids 
content, hardness, and selected constituents of Little 
Canadaway Creek at Lamberton. 
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Streams Polluted by Oil-Field Brine 
Because crude oil and the associated brine production varies from area 
to area and day to day, it is difficult to predict the chemical quality of 
stream water polluted by oil-field brine on a regional basis. Within Region 
IV in 1967, crude-oil production (and, therefore, brine production) was 
greatest in Fourmile, Tunungwant (fig. 31), and Chipmunk (fig.' 34) Creek 
basins; and the dissolved-solids contents of these streams were much higher 
and more irregular than in other streams in the region. Crude-oil and brine 
production were low in Stillwater Creek basin (fig. 31). In recent years, 
crude-oil production in Oswayo, Dodge, and Little Genesee Creek basins has 
declined; and much of sodium and chloride pollution in the streams is now due 
to draining of brine-contaminated aquifers, some pumping, and perhaps leak- 
age from abandoned oil wells that have not been plugged properly (fig. 32). 
The percentages of chloride in Oswayo, Dodge, and Little Genesee Creeks vary 
from stream to stream and are probably related to the amount of aquifer pol- 
lution in each drainage basin. The percentages of major dissolved consti- 
tuents in the ground water of Little Genesee and Dodge Creek basins are pre- 
sented for comparison with similar pie diagrams of the stream water in figure 
32. Some of the ground-water samples were taken from deeper, unpolluted 
aquifers, and, therefore, the average percentages of sodium and chloride in 
the ground-water samples are lower than in the stream water. If ground-water 
samples were taken only from the shallow aquifers, the percentages of sodium 
and chloride would be much higher. 


Figure 33 shows the variation in dissolved-solids content, hardness, and 
several chemical constituents in water from Dodge Creek at Portville. The 
figure may be used to estimate the chemical composition of water at this site 
from a measurement of specific conductance. Because of the uneven distribu- 
tion of brine sources in the basin, the figure should not be used to estimate 
water quality at any point on the stream other than at Portvi11e. Because 
there is little or no new brine being added to the basin through oil-well 
pumping, individual rainfalls are not expected to flush brine from channel 
storage and cause a rise in specific conductance in Dodge Creek as they do 
in the Allegheny River. Therefore, little or no departure from the curves 
presented in figures 32 and 33 is expected. 
Tunungwant, Chipmunk, Fourmile, and Stillwater Creeks drain areas con- 
taining active oil fields, but the Stillwater Creek drainage area has not 
been developed to the extent that the other three basins have been developed. 
A water sample taken from Chipmunk Creek near South Vanda1ia on September 20, 
1967, had a dissolved-solids content of 7,480 mg/l (table 7). Figure 34 is 
a map of the Chipmunk Creek drainage basin showing specific conductance along 
the creek, its tributaries, and the Allegheny River on August 17, 1967. Most 
of the crude-oil production was in the lower part of the basin at this time, 
and, as a result, the specific conductances were highest in the lower part of 
the basin. The specific conductance of the Allegheny River increased from 
240 
mhos/cm at a point just above its confluence with Chipmunk Creek to 400 

mhos/cm below the confluence. 
Fourmile and Tunungwant Creeks also contribute water with high specific 
conductance to the Allegheny River (fig. 31). Because oil-field brine is 
responsible for most of the dissolved chemical constituents in these streams 
and the discharge of the brine is not uniformly distributed throughout the 
basins, the curves in the figure are meaningful only for the sampling sites 
and should not be used to estimate water quality at any other points. An 
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exception to this limitation can be made for Tunungwant Creek in New York 
State because relative to the Pennsylvania part of the creek little water is 
added to the creek north of the New York-Pennsylvania State line. 


The reldtionship between specific conductance and various dissolved con- 
stituents in Tunungwant Creek at Limestone is shown in figure 35. The chemi- 
cal composition of Tunungwant Creek water can be estimated by the use of this 
graph and a specific-conductance measurement. For example, if the specific 
conductance is 1,000 micromhos, the estimated dissolved-solids content will 
be 500 mg/l, estimated hardness as CaC03 will be 164 mg/l, and estimated 
chloride content will be 245 mg/l. 
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Figure 31.--Relationships between specific conductance and discharge 
for streams draining active oil fields. 
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Figure 32.--Relationships between specific conductance and discharge 
for streams draining inactive oil fields. 
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Figure 33.--Relationships between specific conductance and 
dissolved-solids content, hardness, and selected 
constituents of Dodge Creek at Portvil1e. 
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Figure 34.--Specific conductance of Chipmunk Creek basin, August 17, 1967. 
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Figure 35.--Relationships between specific conductance and 
dissolved-solids content, hardness, and selected 
constituents of Tunungwant Creek at Limestone. 
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THERMAL POLLUTION 


The Chadakoin River supplies cooling water to a thermal electric power- 
plant in Jamestown. Heated water returned to the river at the plant is al- 
lowed to flow downstream through Jamestown and Falconer to the confluence of 
Chadakoin River and Cassadaga Creek. The increased water temperature of the 
Chadakoin River reduces the water's dissolved-oxygen content and thereby re- 
duces the stream's capacity to assimilate organic waste. The results of a 
water temperature survey of the Chadakoin River from upstream of the heat 
source to Cassadaga Creek are shown in figure 36. Heated water from the 
electric powerplant raised the river water temperature to about 33.3°C 
(Celsius) or 92°F (Fahrenheit), at the plant, where the stream is ponded by 
a dam. Within this part of the river, the water is thermally stratified; al- 
though the surface water temperature is about 32.2°C, or 90°F, temperature of 
water released by the dam from about 6 feet below the water surface is only 
26.6°c or 80°F. 


The greatest rate of cooling is expected to take place where the temper- 
ature differential between the stream and the air is greatest, and the water 
temperature is expected to decrease exponentially with distance downstream 
from the source. Stream depth, waterfalls at dams, and riffles have import- 
ant effects on the cooling rate because cooling is dependent on the degree of 
contact between warm water and cool air. Because the Chadakoin River is 
shielded from air circulation by city structures immediately bel.ow the dam, 
the cooling rate is retarded. Therefore, a nearly linear temperature die- 
away was observed for the river (fig. 37). 


Water drains from Chautauqua Lake through the Chadakoin River and into 
Cassadaga Creek. During summer, the heat load adds an additional strain to 
this drainage system. During summer periods of warm dry weather, the lake 
level naturally declines because of increased evaporation; to prevent a 
deterioration of the lake's recreational capacity, releases through the 
Chadakoin should be minimal. But, more water is needed at the electric 
powerplant because cooling with the warm summer stream water is less effi- 
cient than cooling with cooler stream water of the other seasons. Heat 
die-away downstream from the powerplant is very slow because the air-water 
temperature differential is low. Finally, more water is needed downstream 
for sewage-treatment plants because the stream water is warm, can dissolve 
less oxygen, and, therefore, has a lowered assimilation capacity. In each 
problem, the need is for more and cooler water. 
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Figure 37.--Heat die-away, Chadakoin River, September 27, 1968. 
(Air temperature 17.8°c, or 64°F) 
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SUITABILITY OF SURFACE WATER FOR USE 


Except for some streams draining oil fields, chemical quality of surface 
water in the study area is generally acceptable for most uses (at the time of 
the study). Water in each of the four regions has a distinct chemical quality. 
(Ranges of measurements that fol low exclude measurements at very high and very 
low discharges.) In Region I, a nonglaciated area, dissolved-solids content 
ranges from 31 to 83 mg/l; hardness ranges from 20 to 57 mg/l and the water is 
calcium bicarbonate type. In Region I I, a glaciated region, dissolved-solids 
content ranges from 105 to 241 mg/l; hardness ranges from 61 to 180 mg/l; and 
the water is calcium bicarbonate type. In Region III, dissolved-solids con- 
tent ranges from 162 to 406 mg/l; hardness ranges from 103 to 221 mg/l; and 
water type is variable (calcium bicarbonate, calcium sulfate, or a mixture of 
calcium bicarbonate and sulfate, depending on time and place). In Region 
IV, streams are affected by oi l-fie1d brine. The Allegheny River, Chipmunk 
Creek, Fourmile Creek, and Tunungwant Creek drain active oil fields. Dis- 
solved-solids contents of these streams are more than 500 mg/l at low flow. 
Streams such as Dodge, Genesee, and Oswayo Creeks, which drain inactive oil 
fields, have higher concentrations of sodium and chloride than streams in the 
other three regions but discharge water whose dissolved-solids contents are 
generally less than 500 mg/l. Dissolved-solids contents of streams in Region 
IV range from 70 to 7,480 mg/l, hardness ranges from 84 to 2,100 mg/l, and 
the water is usually sodium chloride type. 


SIGNIFICANCE OF DISSOLVED CONSTITUENTS AND PROPERTIES OF WATER 


The subjects of water-quality characteristics, tolerances, and treatment, 
are discussed in many publ ications. Therefore, only a brief outline of the 
significance and sources of the various common dissolved constituents and 
properties are presented here in table 6. Additional sources of information 
on water-quality characteristics, tolerances, and treatment are publications 
by the U.S. Public Health Service (1962), McKee and Wolf (1963), Hem (1959), 
the Federal Water Pollution Control Administration (1967), and Durfor and 
Becker (1964). 
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CONCLUSIONS 


The chemical quality of water from streams in the Allegheny River and 
Lake Erie basins in southwestern New York is generally acceptable for most 
uses. Notable exceptions are those streams draining oil fields. Those streams 
contain high concentrations of sodium, calcium, and chloride ions. 
Precipitation containing very low concentrations of dissolved minerals 
is the source of all the stream water in the study area. Once the water comes 
in contact with the earth, it rapidly becomes more mineralized as it flows 
over the land surface into stream channels or percolates into the ground to 
become soil moisture or ground water. Water that percolates into the ground 
becomes more highly mineralized than water that runs off the land surface be- 
cause it is in contact with more mineral matter for longer periods of time. 
Stream water, however, is a mixture of overland flow, with a low dissolved- 
solids content, and ground-water discharge, with a high dissolved-solids con- 
tent. The minerals available for solution generally determine the chemical 
quality of overland flow and ground water and, therefore, the chemical qual- 
ity of streamflow. 
A regionalization of stream-water quality conforms with geologic divi- 
sions of the area because the stream-water quality is primarily dependent on 
geology. Region I is a nonglaciated area. Therefore, fewer soluble miner- 
als are available for solution in Region I than in the other regions, and 
stream water in it is soft (range of hardness, 20-57 mg/l as CaC03) and low 
(31-83 mg/l) in dissolved-solids content. The water is calcium bicarbonate 
type. 


Region I I, the largest of the four regions studied, contains French, 
Brokenstraw, Conewango, Little Valley, Great Valley, and Olean Creeks. 
Hardness of stream water in the region ranges from soft (61 mg/l as CaC03) 
to hard (12l-180 mg/l as CaC03); the water is calcium bicarbonate type. 
The region is glaciated, and its soils contain calcium and magnesium car- 
bonate minerals transported and deposited by the glaciers. 
Streams in Region II I, on the Lake Erie Plain, contain water that is 
generally harder than that in the other regions of the area. Hardness of 
stream water in the region ranges from slightly less than hard (121-180 mg/l 
as CaC03) to very hard (greater than 180 mg/l as CaC03). Stream water 
in Region I I I also contains more sulfate than that in other regions and 
is calcium bicarbonate, calcium sulfate, or mixed calcium bicarbonate and 
sulfate types, depending on time and place. The sulfate is derived from 
pyrite-bearing shale formations, which lie close to the land surface on the 
Lake Erie Plains. 
Streams in Region IV are affected by discharge of oi l-field brine, but 
the locations of the oil fields are determined by geology. The Allegheny 
River, Chipmunk Creek, Fourmi le Creek, and Tunungwant Creek drain active 
oil fields and have dissolved-solids contents of more than 500 mg/l during 
low-flow periods. Streams such as Dodge, Little Genesee, and Oswayo Creeks, 
which drain inactive oil fields, have higher concentrations of sodium and 
chloride than streams in the other three regions but discharge water whose 
dissolved-solids content does not exceed 500 mg/l. Generally, estimation 
of chemical quality of small streams draining active well fields is dif- 
ficult because the quality is dependent on erratic discharges of oi l-field 
brine. However, the chemical quality of large streams such as Tunungwant 
Creek and the Allegheny River, which drain active oil fields, can be 
estimated. 
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Dissolved-solids content and specific conductance of stream water gen- 
erally vary inversely with stream discharge because stream water is a mix- 
ture of overland flow and ground-water discharge. A formula describes the 
variation of chemical properties of streamflow with respect to the variation 
of the relative percentages of ground-water discharge and overland flow and 
may be used to compute streamflow quality. An estimated quality (specific 
conductance) duration curve for Conewango Creek at Waterboro conformed close- 
ly with empirical data for the same stream. 


Correlations between specific conductance and discharge for almost all 
the large streams in the study area produced relationship lines useful for 
estimating specific conductance from discharge. The relationships between 
specific conductance and various chemical constituents for stream water were 
found to be remarkably constant for anyone stream. These relationships are 
presented in this report in graphic form and can be used to estimate concen- 
trations of chemical constituents in stream water from specific conductance. 
The relationships for few large streams seemed to be valid only for 1967 be- 
cause earlier measurements showed a low degree of correlation with the 1967 
data. These few streams have been affected by man's changing activities, 
such as pumping of oil. This lack of correlation between measurements in 
1955-56 and 1967 was not observed for those streams relatively unaffected by 
man's activities. Therefore, although many of the specific conductance- 
discharge relationships will be valid for future water-quality estimation, 
concomitant measurement of discharge and sampling of some streams will be 
necessary periodically (every few years) so that the relationship between 
specific conductance and discharge can be updated. 


This report shows that variations in chemical quality of streams can be 
defined and that the chemical constituents in stream water can be estimated 
from discharge measurements. It also demonstrates the value of concomitant 
discharge and specific conductance measurements, which would seem to be com- 
pelling evidence for the inclusion of such measurements in future streamflow 
and chemical water-quality data-collection networks. Because at the time of 
the study there was little chemical pollution of surface water in the basin, 
except in streams draining oi 1 fields, this report may serve as a background 
for future water-quality studies of streams. 
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Table 8.-- Miscellaneous measurements of stream specific conductance and discharge, 
Allegheny River basin and part of the Lake Erie basin, New York 


Location 


Lat i tude 
( ° I ") 


Longitude 
( ° I ") 


Date 


Discharge 
(cfs) 


S pe ci f i c 
conductance 
(micromhos per 
centimeter 
at 25°C) 


Unnamed tributary to Lake Erie 
near State Line 
Unnamed tributary to Lake Erie 
near Ripley 


Do. 
Do. 
Unnamed tributary to Lake Erie 
near Fors y th 
Do. 
Unnamed tributary to Lake Erie 
at Shore Haven 
Unnamed tributary to Lake Erie 
near Shore Haven 
Freelin s Creek near Westfield 
Vorce Creek near Westfield 
Chautau ua Creek at Barcelona 
Dot Creek near Westfield 
Sprin g Creek near Westfield 
Unnamed tributary to Lake Erie 
near West Portland 
Unnamed tributary to Lake Erie 
near Portland 
Do. 
Walker Creek near Brocton 
Corell Creek near Brocton 
SI ippery Rock Creek at Brocton 
Unnamed tributary to Lake Erie 
at Van Buren Bay 
Unnamed tributar to Lake Erie 
Canadaway Creek at Dunkirk 


Crooked Brook at Dunkirk 
Scott Creek at Dunkirk 
Beaver Creek near Dunkirk 
Unnamed tributary to Lake Erie 
4 miles northeast of Dunkirk 
Walnut Creek near Arkwri g ht 
Walnut Creek near Forestvi lIe 
Do. 
Elkins Brook near Vollentine 
Mud Creek near Vollentine 
Mud Creek near Clark 
Mud Creek at Clark 
Unnamed tributary to Mud Creek 
at Clark 
Elkins Brook near 
Cold S rin Creek 
Cold S rin Creek near Na 
Newton Run near Salamanca 


42 16 13 
42 16 52 
42 17 07 
4 2 17 24 
42 17 40 
42 18 12 


42 18 38 


42 21 58 


42 22 22 
42 22 4 6 
4 2 23 22 
42 23 57 
4 2 24 23 
42 27 01 
42 27 32 
42 28 31 


42 28 57 
42 30 18 
42 30 39 
42 32 04 
42 25 1 1 
42 26 44 
42 27 28 
42 07 20 
42 05 4 8 
4 2 06 33 
42 07 30 


79 45 01 
79 43 1 3 
79 42 30 
79 4 1 47 
79 40 50 
79 39 43 
79 38 49 
79 
79 
79 


8-24-67 
8-24-67 
8-24-67 
8 -24-67 
8-24-67 
8-24-67 
8-2 4 -67 


79 31 55 


79 31 11 
79 30 48 
79 29 44 
79 28 36 
79 27 42 
79 24 20 
79 2 3 3 5 
79 21 56 


79 21 21 
79 17 42 
79 16 38 
79 1 3 36 
79 11 59 
79 11 19 
79 11 22 
79 03 0 8 
79 02 12 
79 03 1 9 
79 05 46 


Fivemile Creek near Hinsdale 
Fivemile Creek near Hum p hre y 
Fivemile Creek near Allegan y 
Do. 
Do. 
Allegheny River at 01ean 


Ischua Creek at Machias Junction 
Gates Creek at Franklinvil1e 
Oil Creek ( Cuba Lake Inlet ) 
near Cuba 
Cuba Lake Outlet near Cuba 


42 11 35 
42 10 09 
42 08 58 
42 07 38 
42 06 38 
42 03 41 
42 23 42 
42 19 36 
42 16 04 
4 2 13 03 


78 28 20 
78 30 18 
78 30 32 
78 30 13 
78 30 09 
78 27 10 
78 28 25 
78 27 38 
78 18 05 
7 8 18 30 


8-24-67 
8-24-67 
8-24-67 
8 -2 4 - 6 7 
8-24-67 
8-24-67 
8-24-67 
8-2 1 f-67 
5- 8-67 
5-23-67 
6- 5-67 
8-24-67 
8-24-(,7 
8-24-67 
8-24-67 
8-24-67 
8-25-67 
8-25-67 
8-25-67 
6-20-67 
6-20-67 
6-20-67 
6-20-67 
6-20-67 
6-20-67 
9-21-67 
9-21- 7 
-15- 7 
7-25-67 
9-20-67 
9-20-67 
9-20-67 
9-20-67 
9-20-67 
8- 2-67 
8-15-67 
9-21-67 
9-21-67 
9-21-67 
9-21-67 


o 


o 
o 
o 


.001 Y 
.001 
 


o 


.02 
 
o 
.02 e 
7.5 
.001 
.001 


o 


.01 Y 
.3 W 
.5 
.07 
.3 e/ 


.01 e/ 
o 
80 e 
27.8 
9.83 
6Y 
2 Y 
.01 Y 
.02 
 


.01 
 
. 4 8 
.72 
. 66 
.340 
.025 
. 68 5 
1.279 
.326 
1.629 
.872 
.97 
.2 
.6 
2.53 
3.34 
5.09 
3.90 
5.65 
598 
476 
3.97 
1. 42 
1. 46 
3.0 4 


860 


1,200 
750 
1,000 


650 
800 


920 


1,900 
420 
270 
380 
500 
550 
420 
2,400 
230 
300 
420 
450 
450 
6 4 0 
500 


500 
3 4 0 
3 4 0 
360 
1 8 0 
120 
210 
220 


240 
250 
95 
11 
5 
65 
1 4 0 
155 
1 4 0 
138 
150 
250 
225 
230 
110 



 Est imated. 


170 
130 
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